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permeable metallic baseplate, especially made of nickel or a nickel/silver alloy or an
alkali-resistant metal alloy. If the catalyst support material has adequate inherent
stiffness, the use of a baseplate can be dispensed with and the catalyst support
15 material provided with catalyst material-containing coating composition can be

incorporated directly in an electrochemical reaction apparatus.

Gas diffusion electrodes are employed in various arrangements in electrochemical
processes. In fuel cells comprising a solid electrolyte polymer membrane, for
20 example, the gas diffusion electrodes, in the form of a hydrogen-consuming anode
and an oxygen-consuming cathode (OCC) are placed directly on top of the
membrane. In the case of the HCI electrolysis using an oxygen-consuming cathode,

the latter likewise lies directly on the membrane.

25 In the case of the NACI electrolysis using OCC e.g., on the other hand, it proved
advantageous to operate with the OCC being separated from the membrane by an
alkali-perfused gap having a width of a few mm. With a customary industrial-style
overall height of more than one metre, the OCC can be operated advantageously with
pressure compensation according to the gas pocket principle, as described in

30 US-A-5 693 202. With a customary height of the gas pockets of 15 — 35 cm, the

electrode is free standing between caustic soda solution and oxygen. As an altitude-
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given the ained-for operating tines of several years. reover, e r’sdpacers
mask consequently in an excessive specific energy consumption. :

15
The spacer in particular, between electrode and membrane, has caused problems
again and again. For example, local contact sites in conjunction with structural
movement in the electrolytic cell have occasionally resulted in abraded patches on
the membrane which, at extended operating times, give rise to leaks. Similarly, the

20 OCC, too, suffered from pressure marks which could quite possibly cause damage,
given the aimed-for operating times of several years. Moreover, the spacers mask
both electrode areas and membrane areas, likewise resulting in high current densities
and consequently high voltages and a high specific energy consumption. A solution

was therefore sought which would allow such spacers to be dispensed with.

25
Many attempts to apply the nonrigid OCC to a rigid support failed in the past because
of the problem that the electrode first had to be sintered and pressure-moulded in
order to attain the necessary density in conjunction with controlled porosity, and that
the fluoropolymer-containing electrode structure then had to be bonded metallically,
30 i.e. by means of welding or soldering, to the rigid support. In practice, such a bond is

not durable and, moreover, because of the fluorides released, is very corrosion-prone.
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15 electrical connection, characterized in that the catalyst support material is a fabric,
bonded fibre web, sintered metal body, foam or felt of electroconductive material, an

expanded-metal plate or a metal plate provided with a multiplicity of perforations on

top of which plate the catalyst material-containing coating composition is applied, the

material having adequate flexural strength so that additional stiffening by using an

20 additional baseplate can be dispensed with, or the said material being.perm'anent]y

joined mechanically and electroconductively to a gas-permeable, stiff metallic

baseplate or a stiff fabric or expanded metal, especially comprising nickel or its

alloys or alkali-resistant metal alloys.

25 The open structure serving as a catalyst support material consists, in particular, of a
fine wire cloth or a suitable expanded-metal foil, filter screen, felt, foam or sintered
material, into which the catalyst material-containing coating composition interlocks
when it is rolled in. In one embodiment, this open structure is metallically bonded,
e.g. by sinter-bonding, to the quite open but more compact and stiff substructure even

30 before the catalyst material-containing coating composition is pressed in or rolled in.
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composition, rolled out into a sheet in a previous operation, in this case is directly
15 rolled into the base structure which at the same time has the function of a catalyst

support material. No additional catalyst support material is used, therefore.

The catalyst support material preferably comprises carbon, metal, especially nickel or
nickel alloys, or an alkali-resistant metal alloy.

20
To allow reaction gas to be passed through more effectively, the baseplate preferably

has a multiplicity of perforations, especially slots or drilled holes.

The perforations preferably have a width of at most 2 mm, especially at most

25 1.5 mm. The slots can have a length of up to 30 mm.

If a foam or a porous sintered structure is used, the pores have a mean diameter of
preferably at most 2 mm. The structure is distinguished by high stiffness and flexural
strength.

30
In a particular embodiment of the gas diffusion electrode, the catalyst support

material used is a foam or sintered metal body and an edge designated for bonding
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According to the design of a preferred variation of the gas diffusion electrode, the
15 catalyst support material and the catalyst material-containing coating composition are

applied to the catalyst support material by the coating composition, which contains

water and possibly organic solvent (e.g. alcohol) being poured on or wet-rolled,

followed by bonding by means of drying, sintering and possible compaction.

20 For the purpose of an improved uniform gas supply to the gas diffusion electrode in a
special design there is provided, between the baseplate and the catalyst support
material an additional electroconductive gas distribution fabric which, in particular,
comprises carbon or metal, especialy nickel, or an alkali-resistant nickel alloy,

especially nickel with silver, or silver-coated nickel or an alkali-resistant metal alloy.

25
In a special embodiment of this gas diffusion electrode, the baseplate has an
extensive recess to accommodate the gas distribution fabric.
It was found that particularly good utility is ensured by a design of the gas diffusion
30 electrode in which the layer of catalyst support material and catalyst material-

containing coating composition is bonded circumferentially and gas tightly in the

edge region within the electrode to the edge of the baseplate.
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apparatus by means of welding, soldering, screwing, riveting, clamping or the use of
alkali-resistant, electroconductive adhesive.
15
If the said bonding of the gas diffusion electrode to the electrochemical reaction

apparatus is effected by means of welding or soldering, the imperforate edge

preferably is silver-free.

20 If, on the other hand, the said joining of the gas diffusion electrode to the
electrochemical reaction apparatus is effected by means of screwing, riveting,

clamping or the use of electroconductive adhesive, the imperforate edge preferably

contains silver.

25 In the case of a gas diffusion electrode being integrated into the electrochemical
reaction apparatus by screwing, riveting or clamping, the edge zone of the baseplate

is advantageously sealed against the mounting face of the electrochemical apparatus

by means of a resilient lining.

30 The invention also relates to a method of fabricating a gas diffusion electrode
according to the invention by sinter-bonding the catalyst support material to a

baseplate which is provided with a multiplicity of perforations, and applying the
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15 Preferably, sinter-bonding of the catalyst support material to the baseplate is followed
by the surface of the catalyst support material being provided with a silver layer,

especially by electrode deposition or electroless deposition.

In a particular version of the method, application of the catalyst support material to
20 the baseplate is preceded by a gas distribution fabric being applied and being sinter-

bonded to the baseplate.

A particularly preferred method is characterized in that sinter-bonding of catalyst
support material, gas distributor and baseplate is effected simultaneously.

25
To avoid unacceptable deformation of the superstructure into the substructure during
the rolling operation, the perforation pitches of the two layers should be suitably
tailored with respect to one another. In addition, adequate drainage of condensate or
caustic soda solution must be ensured to prevent the gas transport channels from

30 being blocked.



15 Preferably, sinter-bonding of the catal yst support material to the
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To fit the electrode into a gas pocket structure by means of screwed, riveted,
15 clamping, soldered, welded or adhesive joints, the slightly projecting substructure
edge can preferably be utilized, which is preferably located below the catalyst support
material structure and can be suitably protected against the fluoropolymers while the
catalyst material-containing coating composition is being applied by calendaring, It is
particularly advantageous for this part to be excluded while the openings in the form
20 of holes, slots etc. are being punched, i.e. for it to remain solid, thereby making it
possible to prevent lateral escape of the oxygen. Escape of the oxygen from the
boundary region between the two layers can be avoided by suitable flat-rolling of a
narrow, catalyst-filled edge strip of the upper layer onto the substructure, which
should no longer be slotted at this point or else should be metallically covered in
25 some other way and be impervious. Good utility for flat-rolling the edge strip is
ensured, for example, by the use of an ultrasonically excited, rotating roller head. The
transmission of the pressure/vibration forces results in complete filling of the gaps

with catalyst material-containing coating composition.

30 If a foam or an open-pored sintered structure is used as the base body, the object of

preventing oxygen from escaping in the edge region is pursued by forcibly



15. ¢l anpi ng, sol dered, wel ded or adhesive joints, the slightly projecting

* ‘substructure edge can preferably be utilized, which is preferably |ocated

bel ow t he catal yst support rmateri al stru.bcture and can be suitably
protected agai nst the fluoropolyners whil’e the catalyst

mat erial -contai ning coating conposition is being applied by calendaring. It
i's particularly advantageous for this part to be excluded while the

openi ngs i n cempfessing e @ordns| $rIctuse oh sa sircumterentiobiedge pegiah ebhe iforeibld or i t
to remain solid, thereby maki it. passibl.e to prevent |ateral escape of
the oxygen. E%’@Bifé‘°8ﬁ°%“¥}é"b§x93§'ﬁ“w8&??rgas t‘gﬁﬁﬁﬂgtPV'regi on between the two
| ayers can be avoided by suitable flat-rolling of a narrow,
catalyst-filled edge strip of the upper |ayer onto the substructure, which
shoul d no | ofyewayén siathttbelcatalysthis sppieidndspecialdy e tiehirycalehderimgttedhniqua) | y
covered_in thlﬁagrre ot her way and be inpervious. Good utility for

flat-roflingPrAseygdhsyey %angeﬂ%@m le gndrthe spafipton tschnigiie, allewsipert
| a O ; - | B
ul trasoni cal by, g¥Ciay&d tof B ?&h{\%dr&l bglrnﬁphﬁgglg ﬂ?ﬁri }ﬁg@dﬁ[{{ %@08(216& tg.m&teh

pressure/vibratron forces results 1'n co
cat al yst nat gemnattingahd mietallingsuppart stmgctarenpbs rdcoaad. 30 1 f a foam or an
open-pored sintered structure is used as the base body, the object of

preventing oxygen fromescaping in the edge region is pursued by forcibly 9
conpressi ng t reel L Cl reptj e. r.egion. The
forcible coirrj% %ﬁﬁoﬁbll?g%u !trsgfhlﬂér%% £ H[efﬁ?gﬁ]rf‘%%#fc??\ig’o 'g'adsgag'sﬁelggﬁtlﬁ%inrggért’t§rae. The

way i nl1ohi chgaheodet @k yastachicd @pikei gd, paekeedi & fuiter tenceivabldr for Ghik efsdelel NY
technique, 5 but also via the wet cal endering technique and the

spat ul ation SEHHEJADE trsedy numBeR ofctimas.\thes pligning coasigerable postesavingsbei ng
bl own out or (o] i Y. 1 110 tallic.s ort
structure toTth%tg%%té%g* ‘%@%@Hﬁ‘?’ﬁ&“%ﬁp‘fbﬁé&%gh %‘8%%“%‘ eﬁgf’%hr?%gf%f)t r ode,
e.g. as an ObBCsimple heary frem thaexratedldngsitippcthes altowiag tiacleertling prdepigas
pocket, it is quite conceivable for this double structure to be reused a
nunber of ti RS 2RPHES C¥AN IBIAEESPeMisi der abl e cost savings. The catal yst, on
the other hand, can be recovered chem cally and/or el ectrochemcally

The invention further relates to an electrochemical gas diffusion cell which includes a

gas diffusion electrode according to the invention as described hereinabove.

In such an arrangement, the electrochemical gas diffusion cell can be arranged with

20 permanently installed gas pockets or alternatively with removable gas pockets.

The invention is explained below in more detail by way of example with reference to

the figures, in which

25
Fig. 1 shows a schematic of the design of a gas diffusion electrode according to the
invention,
Fig. 2 shows the cross section through the electrode according to Figure 1 on A-A
30

Fig. 3 shows a schematic of a variation of the electrode according to Figure 1 with

an additional gas diffusion fabric 10,



by.sinple means fromthe extracted conposition, thus allow ng the recycling
‘precept: to be applied even in this respect. 15 The invention further

rel ates to an el ectrochem cal gas diffusion cell which includes a gas

di ffusion el ectrode according to the i nvdBti on as described hereinabove. In
such an arrangenent, the el ectrochem cal gas diffusion cell can be arranged
with 20 permanently installed gas pockets or alternatively with renovabl e
gas pockets. The invention is explained belowin nore detail by way of
exanple with reference to the figures, in which 25 Fig. 1 shows a

schemati c of Hihé& gBeyythesrosy s%@nglprppgmhgﬁle@prggq aseelingtodiigurad andBdhe
invention, Fig. 2 shows the cross section through the el ectrode according
to Figure 1 on A-A 30 Fig. 3 shows a schematic of a variation of the

el ectrode ac@ig.di sBRowo aFischeneatit wf ah elacragil e nImgRmeditid wad ArhaéN i C

10, -10 Fig. 4 shows the cross section through the el ectrode according to
Figure 3 on B-B Fielctradeshows a schematic of an electrolytic cell conprising
the gas diffusion 5 electrode -11 Exanples Percentages refer to

percent ages by wei ght, unless stated otherwise. 5 Exanple 1 (Fig. 1+2)
Fabrication of a dinmensionally stable gas diffusion el ectrode of two-I|ayer
desi gn: The baseplate (1) consists of nickel plate having a thickness of
1.5 mMmwith perforations (slots) (2) which are 1.5 mmw de and 15 mm | ong
(fromFiedler/D).




10 The distribution of the slots is chosen such that they are spaced 5 mm
apart i'n the longitudinal direction and 2 nmapart in the transverse
direction. The juxtaposed |I|ongitudinal rows of these slots are offset

agai nst one another by half a period, so that the slot cones to lie next
to space. 15 This base structure has an unslotted edge (3). Acting as the
supporting structure for the activation is a nickel wire cloth (4) having
a wire di anet Example§. 14 nm and a nesh size of 0.5 nm (from Haver &
Boecker/ D). The wire nmesh edge is flush with the edge zone. This
arrangenent is sinter-bonded at terrperatures of between 800-1200C;, a

continuous stpyediiids kete T ich carries the wire is
el ectro-sil vered. Igﬁsordqgtpgtcggtgg?% Qgh ?‘\?%tc‘tsit ym?‘f”ﬁﬁseunsl otted edge
zone (3) is nmasked by neans of a swtable material such as e.g. wax,

pai nt, hesiye tape or the |ike. The conplete el ectrode structure is then
covered-with M@&é&&dﬁeri al -containing coating conposition (5) which
25 beforehand has been rolled out into a sheet and which consists of 85%
carbon bl ack (Vulcan XC-72, 10% Ag), 15% HOSTAFLON TF 2053 (PTFE) with a

coverage of Fubdcgionhf atditinsnsh)@iaﬂl% shdRAed diffusidifel¥itfole of Ridl é bEi ng
rolled in, pressure bonded or the like. After the | ayer i ng he edge

region has b PessBlptsy (1 ﬁ‘é"sé,%‘gé)f Iiﬂelgﬁlolrla'(eG)lavmg] aothidmekso o&ich$ exe widequat e
gas tight ness, a rasoni ¢, 30 er with a seam wel di ng
head (from St apI ga/tlngé lge?tﬁjg e}&‘CH (i Sgrp@c‘f”}q’id‘g‘dlmg WBW'O%QW fipdler/D).

i nst al 118t i on.ThEhdistribue@r af iHerslote i Ed&e AL AP RR3LAL us
is - 12 effected e.g. by weldin S 'érl ng, asg{ég acgﬁ?%% %aﬁ R et| ng

or the use oflongiudial étr%mncmd/gnaumwe the ttahevelrsekdxrecltloh h?hegl.bdtsbo@gtge
zone (3). If f ysi ectrode and the el ectrochem cal reaction
appar at us ar e6 i tlu%gl “%gJS Olﬁhetsﬁé 1R ﬁ&d ﬂ@g?)‘f‘“cﬂnﬁﬁﬂ?tﬁﬁr by hajka peripdaso ey ewi ng
t echni ques, ahe €6t doneBto Eeaéxﬂ@qmcgced bet ween the gas diffusion el ectrode
and the bearing face of the
15 This base structure has an unslotted edge (3). Acting as the supporting structure for.
the activation is a nickel wire cloth (4) having a wire diameter of 0.14 mm and a
mesh size of 0.5 mm (from Haver & Boecker/D). The wire mesh edge is flush with

the edge zone. This arrangement is sinter-bonded at temperatures of between

800-1200°C; a continuous structure is obtained.
20
The side which carries the wire is electro-silvered. In order to apply the activation,
the unslotted edge zone (3) is masked by means of a suitable material such as e.g.
wax, paint, adhesive tape or the like. The complete electrode structure is then
covered with a catalyst material-containing coating composition (5) which
25 beforehand has been rolled out into a sheet and which consists of 85% carbon black
(Vulcan XC-72, 10% Ag), 15% HOSTAFLON TF 2053 (PTFE) with a coverage of
500 g/m’, this being bonded to the wire cloth (4) by being rolled in, pressure bonded
or the like. After the layer masking the edge region has been removed, the edge
region (6), in order to achieve adequate gas tightness, is rolled flat, an ultrasonic
30 welder with a seam welding head (from Stapla/D) being used — the electrode is now

ready for installation. The integration into the electrochemical reaction apparatus is



el ectrochem cal reaction apparatus, to prevent m xing of gas phase and

" liquid phase. Exanple 2 10 Fabrication of a dinensionally stable gas

ai ffusion el ectrode of two-layer design: The design is simlar to that of
Exanmpl e 1, except that a different applithddion technique is used for the
catal yst material -containing coating conposition and the application of an
addi tional, noncatal yzed gas diffusion layer: 15 The side which carries the
wire is silveeféettesd e rin exidiyg, staidm@erscte@lﬁg)p&lymbfh@ rf%ﬁhg’ i @B %@d L he
gas diffusion t he unsl otted edge zone 1s masked on both

neans of a suleé Cé’h?l?ﬁi[‘ana hesivg o theslike iy theygplid adae pene @dhesi ve tape or the
| i ke. The el ectrode structure is then covered on that side which does not
carry the 20 wire, with a gas diffusion |ayer which beforehand has been
rol l ed out inkfdha gamdﬂfusmnohlewmdehnaqme&bﬁo@femm‘i@&a%ﬁm PJ:%EE

XC-72, noncat al ﬁ 30% HOSTAFLO\I TF 2053 (PTFE) vvlth cover agH) 750
g/n2, th's beﬁoﬂé‘ § &eaps, of Fh@mﬂgatrtveﬁng)IOatsereMrngtechmqudmy alresifigntrsehll gd i n,
pressure bon a t he atal yst | ayer, the

Wi re-carryi ng&a W?eheK & és agféus[)«F %lffﬂ:‘@c pt@aobea{‘“&p%ﬁl afida")
with a m xturaeoumcﬁmhetxeﬁam A¥aks OB PRV Ll ke
conposition and consi sts of 7(r)h?;car bon bl agﬁﬁ%\l/ﬁ? étag%gg%ﬁdi%ﬁ/%‘%ﬁﬁbTFE
m xture (85% 15% ) and 30% i sopropanol, is dried at 65C and, to achi eve
adequat e gas gifghhfaess, is conpacted by rolling. To consoli date t he

el ectrode, tHTS 1 foll owed by an annealing step at 250C/ | h. The

i ntegraltl on of the electrode into the electrochem cal reaction apparatus
is effected as in Exanple 1. -13 Exanple 3 Fabrication of a dinensionally
stabl e gas dilfabusition of jacimensienally stamgaayldfusunsalgmmdabewtemywdsfgnsl m | ar

h f hat ff I
to that o Bﬁeﬂephgs@n iR G he 3¢ CExam%rlee r]t eiggp}:t)cﬁtgt gna &1fef£rlegt ai)ghcatlon

technique is used for the catalyst material-containing coating composition and the

application of an additional, noncatalyzed gas diffusion layer:
15
The side which carries the wire is silvered electrolessly. In order to apply the
activation and the gas diffusion layer, the unslotted edge zone is masked on both
sides by means of a suitable material such as e.g. wax, paint, adhesive tape or the
like. The electrode structure is then covered on that side which does not carry the
20 wire, with a gas diffusion layer which beforehand has been rolled out into a sheet and
which consists of 70% carbon black (Vulcan XC-72, noncatalyzed), 30%
HOSTAFLON TF 2053 (PTFE) with a coverage of 750 g/m?, this being bonded to

the slotted-plate structure by being rolled in, pressure bonded or the like.

25 To apply the catalyst layer, the wire-carrying side of the electrode structure is spread
(“spatulation”) with a mixture which beforehand was compounded to produce a
paste-like composition and consists of 70% carbon black (Vulcan XC-72, 10%
Ag/PTFE mixture (85%/15%)) and 30% isopropanol, is dried at 65°C and, to achieve
adequate gas tightness, is compacted by rolling. To consolidate the electrode, this is

30 followed by an annealing step at 250°C/1h. The integration of the electrode into the

electrochemical reaction apparatus is effected as in Example 1.



S used.to acconmpdate the catal yst: an expanded-netal foil of the type

'5-Ni -5-050 ' pul l ed (thickness of the starting material: 0.127 nm strand
width: 0.127 nm LWD: 1.27 nm from DELKER/ USA) is used. The use of
expanded nmetal results in particularly~ 13 rminterl ocki ng between cat al yst
material-containing coating conposition and catal yst support material. 10
Exanple 4 (Fie. 3+4) Fabrication of a dinensionally stable gas diffusion
el ectrode of pxA Bayer design: The baseplate of the el ectrode consists
of slotted plate 575 having a thickness of 2 nm 15 with perforations
(slots) (8) which are 1.5 mmwi de and 25 mmlong (from Fiedler/D). The

di stribution . t : ; apart
in the | ongi IF% o %QF) glic rgtgcﬁp‘lér%ln&gﬁgg@b%g?dgﬂ?fmc %roﬁ% §%§@3@§%ed%§gm ection.
The juxtapogad desipgid suﬂlmlaﬁio thavet E)a‘ant;ﬂeis gexsbpitthatar diffefehs aippaganaiedial ane
another by half a period, so that the slot cones to |lie next to_space.
Thi's base st neest t elcemmadataifiel st R L Nickatd at

t he same hei he s d bear ce -. th e

| ocatoa ni gnerithBicktSedt asnns Bt S L28R aiitvint 7B 10
gas di stributjof inafto PEUIKERASA isChdh Tméoasehaﬁ/hmnaemm@aldfew@m of
0.5 mmand a nesh size of 0.8 mm (from Haver 25 & Boecker/D). Applied to

this struct urpemcslaalyf |fnm nnrukrécbckwgr ebetwetn haatalyst amaierial-cantaimpg ercoating. 14
nm and a nesh size tr]m(S H%‘ er, & Boecker/D) (11), which, in the
case sketche&ofnﬁoﬁlﬁ‘h?'éd%aa YL SEPROSHMOIEE t he edge zone. The use of a

furthengl ayer, conpared with Exanples 1 to 3, serves to inprove the gas 30
and liquid transport and additional interlocking of the catalyst

conposi ti on. Exampled<Fig 3adlgement i s sinter-bonded at tenperatures of
bet ween 800-1200C;, a continuous structure is obtained. The side which

carries the wre is silvered
Fabrication of a dimensionally stable gas diffusion electrode of three-layer design:

The baseplate of the electrode consists of slotted plate (7) having a thickness of 2 mm
15 with perforations (slots) (8) which are 1.5mm wide and 25 mm long (from
Fiedler/D). The distribution of the slots is chosen such that they are spaced 5 mm
apart in the longitudinal direction and 2 mm apart in the transverse direction. The
juxtaposed longitudinal rows of these slots are offset against one another by half a

period, so that the slot comes to lie next to space.

20
This base structure has an unslotted edge (9) which need not be located at the same
height as the slotted bearing surface — the use of an edge located higher up proved
advantageous for sealing purposes. Acting as a gas distributor is an inserted wire
cloth (10) having a wire diameter of 0.5 mm and a mesh size of 0.8 mm (from Haver
25 & Boecker/D). Applied to this structure is a fine nickel wire mesh having a wire

diameter of 0.14 mm and a mesh size of 0.5 mm (from Haver & Boecker/D) (11),

which, in the case sketched in Figure 3, is flush with the edge zone.

The use of a further layer, compared with Examples 1 to 3, serves to improve the gas

30 and liquid transport and additional interlocking of the catalyst composition.




electrolessiy. 5 1n order to apply the activation, the unslotted edge zone
" (9) located higher up is masked by neans of a suitable material such as
e.g. wax, paint, adhesive tape or the like. The conpl ete el ectrode
structure is then covered with a catal ys‘t14rTat erial- containing coating
conposition (5) which beforehand has been rolled out into a sheet and
whi ch consists of 85% carbon black (Vul can XC-72, 10% Ag), 15% 10 HOSTAFLON
TF 2053 ( PTFHhisiarangenon eisagiateobob@@l gf neémpérhiusesbef ngrhend80o-11000%e, f i ne
wire cloth (1121 b beln rolled in, pressure bonded or the I|ike. After the
layer maski 7§ ‘t"?lé’“é(ﬁj@‘ PUEg)i i notained e £ Re ruidioWch taariasde mergi on sl9eByd i n
order to achisf¥¢go egslcj%quate gas tightness, is rolled flat, an ultrasonic

wel der (from St ap1 ) being used; the el ectrode i s now ready for
installation. The int egratl on into the el ectrochem cal 15 reaction
apparatys is effgct ed e.g. by weldi ng sol dering, screw ng, clanping,

riveti ng or 10 1pedeide app yeFlEc%Ct"()’é%?ﬂil} ¢ jupglotierh edgey zonsr (9 Hecatddk higher tqhes solid

edge zone ( 9)mz151<$d E)hﬁleglqsggf z( g’tﬁ?ab metQﬁaﬁs%%h giée fafg?\%bg,[h?grl}te% %g}gg@g o the

el ectrochem cal reaction us are i n 0

cl anpi ng, ri Vikei Fhe afonqnetewlmoﬂecshﬂtmbe% théd eoveRsl WiBni c'ﬁ@ﬁlst 'n%tﬂ%ﬂceo'
bet ween the gas diffusion electrode and the bearing face of

el ect r ocheni Gﬂ!‘ta'r"&?:c‘tqaﬁﬂg SPPBOHIANS(5) Mhighr ieferahand has hgemtfollgégutphasaasmaﬁ

l'iquid has a nsi y e

di 19f usi OIEI) el gc fe” '?%sr?tgeg 2‘?3? ‘(tjargmbobla&'r e ] 3@"72 sll%%?‘ P qg%’t hat
of Exarnpl e 4H@s<mm01~1hm 20531 (FTRE)eWith 8WRPerage BREGY bAh2, iifis bel%gdmfnﬁ {?h
catal yst: an expanded-netal foil of the type 5-Ni -5-050 p ness

of the start fhefineavise rlgth (1) by beipgyoliedrinpressurettonded mzmeﬂm; Ammhalagar nm
from 30 DELK use_of e d neta esul sin
particul arl yﬁﬁ%ﬁﬁé)ll n?dg}é ﬁ%%‘ Egs PP lErRRve aﬂ}f! ‘i}%’t’ r%?fbt)p ita pchigye
cat al yst nat eddqubteqantightiesdgis ol flfi CarCAFRRRI W&Ber (from Stapla/D) being used:
the electrode is now ready for installation. The integration into the electrochemical
15 reaction apparatus is effected e.g. by welding, soldering, screwing, clamping, riveting

or the use of electroconductive adhesive or the like in the solid edge zone (9).

If the edge (13) of the gas diffusion electrode and the electrochemical reaction
apparatus are joined together by means of clamping, riveting or screwing techniques,
20 a resilient seal is placed between the gas diffusion electrode and the bearing face of
the electrochemical reaction apparatus, to prevent mixing of gas phase and liquid

phase.

Example 5
25

Fabrication of a dimensionally stable gas diffusion electrode of three-layer design:
The design is similar to that of Example 4, except that a different support material is
used for the catalyst: an expanded-metal foil of the type 5-Ni-5-050 pulled (thickness
of the starting material: 0.127 mm, strand width: 0.127 mm, LWD: 1.27 mm, from
30 DELKER/USA) is used. The use of expanded metal results in particularly firm
interlocking between catalyst support material and catalyst material-containing

coating composition.



- 15 Exanple 6 Fabrication of a dinensionally stable gas diffusion
" electrode of three-layer design: The designis simlar to that of Exanple
4, except that a different support material is 5 used for the catalyst: a
thin slotted sheet having an aperture di-dPster of 0.3 mmand a tri angul ar
pitch of 0.6 mmis used (fromFiedler/D). Exanple 7 10 Fabrication of a
di nensionally stable gas diffusion electrode of three-layer design: The

design is sirixamplecéthat of Exanple 4, except that a different catalyst
support material and application technique is used for the catalyst
mat eri al - contai ning coating conposition: an opaque, sinter-bonded nickel

felt havin I . " i ed as the catalyst
suppor t msug:J e??agfi?&?ﬂﬁg%éﬁi‘g'?%%ﬁw ssgta%ercé% g]rd y&c L%SE&%@S%)F gé’ga‘m' Y4 B8P abl ey

m xture of 36Rkeadesigons kilmlak to Mt cfoBxX%6pld 3, exlc@Pd tha) a diffent EEFPbARLAR AFs 5033
suspensison (10% PTEE) with a coverage of 250 g/n2, is dried at 95C and, to
achi eve “adeqUSteIg4Re saiykitalin slpdeddepthaving aneapesire dignetdioof Ghmewhidiat e
the el ectrodgy, S | i step at 250C/ 1 h. 20

I ntegration o?al%%“ea?g?tg}égfggwg g%gﬁfe}oglrﬁe}gﬁ%lggem cal reaction apparatus
takes place as described in Exanple 4. Exanple 8 25 Fabrication of a

dinensionallﬁ stabl e gas diffusion el ectrode of single-layer design: The
basepl ate co €af nickel foam having a thickness of 5 nm (from

Dunl op/ USA). The mean pore diameter is 1 mm the void volune is 80% This
base structure, prior to the coating operation being conplete, has a

nonpor d0s  3Fabdgeion af & dixp@isionaly stabld s iffusion RMcIrHELEE thr&ﬁaﬂé@%eﬁérge whi ch
i s schedul ed_for subsequent coating is electro-silvered. Inorder"to apply
the activati die depign d¢igniag e tha Qf&éﬂ@é'wl%% exrgpisthaf a glifferentadatadysratpparal

such as material and application technique is used for the catalyst material-containing coating
composition: an opaque, sinter-bonded nickel felt having a thickness of 0.3 mm

(from Nitech/F) is used as the catalyst support material. This absorbent structure is

15 spread with a pourable mixture of 36% carbon black (Vulcan XC-72, 10% Ag), 64%
HOSTAFLON TF 5033 suspension (10% PTFE) with a coverage of 250 g/m?, is

dried at 95°C and, to achieve adequate gas tightness, is compacted by rolling. To

consolidate the electrode, this is followed by an annealing step at 250°C/1h.

20 Integration of the electrode into the electrochemical reaction apparatus takes place as

described in Example 4.

Example 8

25 Fabrication of a dimensionally stable gas diffusion electrode of single-layer design:
The baseplate consists of nickel foam having a thickness of 5mm (from

Dunlop/USA). The mean pore diameter is 1 mm, the void volume is 80%.

This base structure, prior to the coating operation being complete, has a nonporous

30 edge; a supporting structure is not used.



e.g. wax, paint, adhesive tape or the like. The conplete el ectrode
"structure i's then covered with a catalyst material-containing coating
conposi tion which beforehand 5 has been rolled out into a sheet and which
consi sts of 85% carbon bl ack (Vul can XC- 192, 10% Ag), 15% HOSTAFLON TF 2053
(PTFE) with a coverage of 500 g/nR2, this being bonded to the foam
structure by being rolled in, pressure bonded or the like. After the |ayer

maski ng the emlgeside $ihh 1@63&11&2@%@1 foe abRuerit Ra@slOR ¢lediodsiivetad. O @Rler té O
achi eve adequate gas tightness, is pressed to a thickness of 1 mm- the

el ectrode is 2pplyrt @\/a¢téfaa9n,ftb¢ edmr¢ ismiagked bymeeans ok g seitabimmpigrial suhb as

el ectrochem cal reacti tus ffected in dering,
screw ng, cl §rﬁ)i nad‘ P, E PEnd th%é& fﬁeef%@ﬁf%c%ﬁ%{?\gglsg t:h% or
the like in tlaeers@lwith etiqalysomxedai-cbrhemg%sc@uh%w%hfpamﬁb@a&madaef@f@laﬁ&le

el ectrochem cal reaction apparatus are joined 5 toget her by neans of

cl anpi ng, rihes bmjl r@lle%@wtemwmsile@cﬂmwdu@lscorw#se#l85i‘7emrb@ebl|acli Vydtanc¥g-

bet ween the edg h d t he bea ace .of the
el ectrochem ?2 ??& i gstggf%ﬁé‘{:ﬁ@h ﬂo%ff{)ﬁﬁ‘?ﬁ %ﬁov(?fag&é’ 5@‘2&&% ﬁH
l i qui d phase.pefgaanded %o & foaky ithRtir® By Veind ﬁna@nﬁlpaés@uxleyooﬁa@d)bﬁmaﬁ(e
di ffusion el ectrode of single-layer design: The basepl ate consists of

ni ckel pl at e Aftarithelayet maskingthe edge teghomimasihiee rghared, thiviedpe regiam, in 6rdem wi de
and 15 mm | on f.rom Fi edl er The di str.ibut slots is chosen
en thar t ndS alreidenttic Es fnneiids PresisiuC RubEiatieh bRrir thS e Srodian 5
25 aparfp i n g rreﬁd’}nﬁ)‘r‘ﬁ{s&@ladbﬁ %E'lﬂ@graagﬁldt&ﬁk%m%%énﬂ&g'r&déQbﬁ%I%aﬁ'ﬁiﬂ@ of

these slots are fset agai nst one another by half a period, hat t he
sl ot cones tads Ieffectnéx:tg thy wpkling, swﬁcsngm,a@eewmgudampmghmeamg ensheousedf edge;

a supporting structure.is ich is schedul ed for
subsequent cc?zetcfrﬂﬁoqdélCtéYe #F%V%?r Ig'é ‘é'a"‘ t?‘ﬁ S‘?‘?‘bgfge “8"%pply the 30
activation, the unslotted edge zone is masked by nmeans of a suitable
material such as e.g. wax, paint, adhesive tape or the like. The conplete
el ectrode st dfidteugas diﬁusihenlecuweearwthm el¢rtzachemigalyreactiont appatatuscasat@ined ng
coati ngiscorrp(%m ti ori) bre

ogether by Means 0 lampmg, nvetmg or screwing techniques, a resilient seal is

placed between the edge of the gas diffusion electrode and the bearing face of the

electrochemical reaction apparatus, to prevent mixing of gas phase and liquid phase.

Example 9
20

Fabrication of a dimensionally stable gas diffusion electrode of single-layer design:
The baseplate consists of nickel plate having a thickness of 1.5 mm with slots which
are 1.5 mm wide and 15 mm long (from Fiedler/D). The distribution of the slots is
chosen such that they are spaced 5 mm apart in the longitudinal direction and 2 mm
25 apart in the transverse direction. The juxtaposed longitudinal rows of these slots are

offset against one another by half a period, so that the slot comes to lie next to space.

This base structure has an unslotted edge; a supporting structure is not used. The side
which is scheduled for subsequent coating is electro-silvered. In order to apply the
30 activation, the unslotted edge zone is masked by means of a suitable material such as
e.g. wax, paint, adhesive tape or the like. The complete electrode structure is then

covered with a catalyst material-containing coating composition which beforehand



-17 has been. rolled out into a sheet and which consi sts of 85% carbon bl ack
(Vul can XC- 72, 10% Ag), 15% HOSTAFLON TF 2053 (PTFE) with a coverage of
500 g/nm2, this being bonded to the slotted plate by being rolled in,
pressure bonded or the like. After the th{yer masking the edge region has
been renoved, the electrode is ready for fitting. 5 The integration into
the el ectrochem cal reaction apparatus is effected e.g. by welding,

sol dering, schastienyroltedanpinig a shéer ahd npichrcohsists b8 85%f cafl AHIIRYRRUS Bive

dh I id ed f th diff I d
and the el cot Iodidhmeh il S AOSTATLERNAF 453 (EXEE) withedovargs @f;iiIOI)g!?meh;gIr;gng
f cl i ng, I t

bet voon the. couiE BEAR ‘%&I‘SWF@%I B %Iéﬁ‘@fdgda R EPRed ot g R AfGr 1 ne

el ect rocheni cthk lzryeantaslong delpatdgion e bREENRved] thé Bﬂct‘?éde%?eaﬁ Sl ﬁﬁ‘%
l'iquid phase. anpl e 10 15 Fabrication of a gas diffusion electro&

si ngl e- I-ayer E@sﬂ’@fﬁgram igtos then elestraghemical reactionaappskatix dsnrffec@d exceopt

that an addity, a di ffusi.on | ayer i pI i ed: 20 The
side which is &HﬁIgdqu&gﬁﬁ% Ic)Ig\glqéqu%%Ipl%aﬁ‘IeI‘IB é‘iel RE&r ‘éfa leftercopdicive| v .
In order to aihpdiye dithe dikt ivenkisold ady Joe gas dlffuSI on layer, the
unsl otted edge zone is masked on both sides by neans of a suitable

materi al such as e. g vvax pal nt, adhesive tape or the like. The el ectrode

truct | L de i th di ff
ayer whi ch BLT B o W ST B Rl %?mw %334928. sts

25 of 7O cartbgenhérl Iﬁeéﬁélbfcalﬁ 7% 6REEW; P%‘?é' 2l b 2053
(PTFE) with a coverlggcge of 750 m}S% tvﬁIIgIbel ng b CIII{I% rat Rd

pl ate st ructRifeEdBetwrenrige egge éﬂ thengaspdiffusion elebtmdtedncbthetthanhg K&e ofhtfie
301 nt ogr at creckPOBbd o B A E ¢ %ﬁe@%ﬁéﬁ#? fiat phike FBABIMGPhaispar at us
is effected as
. Example 10
15
Fabrication of a gas diffusion electrode of single-layer design:
The design is similar to that of Example 9, except that an additional, noncatalyzed

gas diffusion layer is applied:

20 The side which is scheduled for subsequent coating is silvered electrolessly. In order
to apply the activation and the gas diffusion layer, the unslotted edge zone is masked
on both sides by means of a suitable material such as e.g. wax, paint, adhesive tape or
the like. The electrode structure is then covered on the unsilvered side with a gas
diffusion layer which beforehand has been rolled out into a sheet and which consists

25 of 70% carbon black (Vulcan XC-72, noncatalyzed), 30% HOSTAFLON TF 2053
(PTFE) with a coverage of 750 g/m? this being bonded to the perforated plate

structure by being rolled in, pressure bonded or the like.

The application of the catalyst material-containing coating composition and
30 integration of the electrode into the electrochemical reaction apparatus is effected as

in Example 9.



in Exanple 9. - 18 Exanple 11 (Electrode test) The gas diffusion el ectrode

described in Exanple 1 was nounted in an electrolytic cell (see Figure 5)

whi ch includes a conventional anode half-cell (18) with a 5 nenbrane (14).

The design of the cathode half-cell di f s si gnificantly, however, from

t he configuration enployed in conventional cells - it consists of cathol yte
gap (15), oxygen-consum ng cat hode (OCC) (16) and gas space (17). The

cat hol yt e gaExapledds(Fleatoodectest) onal function; the oxygen reduction, which
10 entails nmajor energy savings conpared with the rel ease of hydrogen,

takes place at the OCC (16). Located behind the OCC (16) is a gas space
(17) which Sefﬁéeg%sf&?ffu&&?elegtgél)c?evﬁé’s&‘iﬁgd ﬂxﬂ%lquwﬁ fofhEd Iﬁiéﬁ’%ﬁ:g{r action

wat er passi ng through or of ute caustic soda sol ution. (16)

has a size ofcell8(seenBigr8 Hmwdih watudepes zbeventiveal angder hatcaf (190G iHays at

a stabl % 1.98 volts; its maxi num bendi ng nmeasurenent under
g

[ | t f
oper at i Cﬁoﬁﬂ%/‘{%i’réﬁ%?’vés The slesign of e reshodsuhalfcell diftess sigaifisarid s rhoweere set :

current densidy. : : t. r at. ; C,, .causti 0 sol ution
concentrati onf:m%é'%m&t%ﬁ%gﬁ‘r“.gﬁé""@’wé%d?@ﬁ%ﬁ’%@fﬁﬁg‘d C%“S???Su?ﬁccaﬁ]o -2

maxi mum di f f i ok genzoaasning catRédc(O0@) @6) S gIRpMe (@1y, 93353

PCT/ EP01/ 05780 -19 Cains 1. Dinensionally stable gas diffusion el ectrode
conprising at |east an electroconductive catalyst support material to

accommodat e angal.@losb gap (15) has a conventional function; the oxygen reduction, which
10 entails major energy savings compared with the release of hydrogen, takes place at

the OCC (16). Located behind the OCC (16) is a gas space (17) which serves for the

delivery of oxygen and the discharge of reaction water passing through or of dilute

caustic soda solution.

15 The OCC (16) has a size of 18 cm x 18 cm and was operated over a period of
100 days at a stable cell voltage of 1.98 volts; its maximum bending measurement
under operating conditions was 0.5 mm.
The following process parameters were set:

e current density: 3 KA/m?,
20 e cell temperature: 85°C,
e caustic soda solution concentration: 32 wt%,
¢ brine concentration: 210 g of sodium chloride/]

e maximum differential pressure: 24 cm water column



5 material - oating conposition, especially co res
of finely di spersegjblcl ver powder or fingly dispersed S:TFI\S/er oxl gﬁg"tggvxder

or mxtures of silver powder and silver oxide powder and Teflon powder or
of mxtures of finely dispersed silver powder or silver oxide powder or
m xtures of Glalmer powder and silver oxide powder, carbon powder and

Tefl on powder’,” 10 and further conprising an electrical connection,
characterized in that the catal yst support material is a fabric, bonded

fibre web, am si.nter.ed t al dy elt of e ectroconductlve

mat eri al , anolexpa EE"WQPQFE %aabfl% ép ﬁ\ésr' elgsirqde SPBPASRE @ g2t an
mul tiplicity of p%ﬂéc%@éddaaﬁv@rbaia% ofu %hcpna&'rﬁi Erol 'aecon%%@z{télszf catalyst .
mat eri al - contai ning coating conposition is applied, the nmateria féa%aw

adequat & f | exur al msateralgbhtagong haatmgda:bmpqsnwln skpebfaﬁylamgqm)smgsmnguxam of

addi ti onal basepl te c n be ensed W t r the said material being
permanent|y j oi ne ¥§H?ré%ffils§ e RPVleE AT %Qﬁhdiﬁ?ﬂ*@l%‘v?ro%! dg owsier WEabl e,

stiff metallic ba Lakly
conpri sing nickel %?Eh?%fogf Jv(‘)/?éra%r%b{ tlvgrr gélfig?gﬁf? glerr%}[d;?&g[inl %‘5‘2&?%%5 Gas
di ffusion el ect rodﬂxaxrc:somfcﬁinmgy dmpéﬁkmi sitvér p@ider @€ sidver 2rillei powdeadr inbeueet al

for the baseplate is. selected f g}the_ seri as consi sting of nickel or an
al kal i - resistant Hwélpo&‘ldfab?‘ HLEEETIE POWHETe kUPOR PR derjand dieflop powder,

silver-gpated ni Cﬁﬁh fufther 86n ﬁ%anr éléétﬁ&?}“ onl?igﬁar écbé@%’tggéﬂﬁil Sthef' he

diffusion electro accord| ng t aim1l or

catal yst support matabysi alppostrmatessisis aafabrie, bomdéd fibreewpleCloatn| ymeré‘d@ktaDr an
al kal i -resi stant nickel allo especially nickel with silver or
silver-coated  ni QREY Obfeltf ehickgpendietyesmateriahan axpaézrlpdywetaémlaae o etal

diffusion elect roq)‘?at@(b?&mgédngltﬁoa ﬁlﬂ}{lp%@ﬁy %P pgfglla%nslox]i ?op of %%rhapﬁgt%rthzed

catalyst material-containing coating composition is applied, the material

ng

15 having adequate flexural strength so that additional stiffening by using an
additional baseplate can be dispensed with, or the said material being
permanently joined mechanically and electroconductively to a gas-permeable,
stiff metallic baseplate or a stiff fabric or expanded metal, especially
comprising nickel or its alloys or alkali-resistant metal alloys.

20

2. Gas diffusion electrode according to Claim 1, characterized in that the metal
for the baseplate is selected from the series consisting of nickel or an alkali-
resistant nickel alloy, especially nickel with silver, or silver-coated nickel, or
an alkali-resistant metal alloy.

25

3. Gas diffusion electrode according to Claim 1 or 2, characterized in that the
catalyst support material comprises carbon, metal, especially nickel or an
alkali-resistant nickel alloy, especially nickel with silver or silver-coated
nickel or an alkali-resistant metal alloy.

30

4, Gas diffusion electrode according to any one of Claims 1 to 3, characterized
in that the baseplate has a multiplicity of perforations, especially slots or

drilled holes.



~imthat - the baseplate has a nmultiplicity of perforations, especially slots
or drilled holes. -20 5. Gas diffusion electrode according to any one of
Clainms 1 to 4, characterized in that the (gjsepl ate has an inperforate
circunferential edge of at |least 5 mm 6:2&as diffusion el ectrode accor di ng
to any one of Clainms 1 to 5, characterized 5 in that the catal yst support
material used is a foamor sintered netal body and the edge designated for
bondi ng the efect rgdedifiysion el¢ctrote actveding ab angand bd QlaiMpaoL, YharhSterized
conpressed. 7. Gasi gi]ftfhls' on_el glctrode according to any one of Clains 1 to
6, characterized JTo"§ing pasePlalsdhas ap inperforals sirewmierential edge of atileastd mmt al yst
mat eri al -containing coating conposition are bonded together by dry
cal endering. 8. Gas diffusion electrode according to any one of Clains 1 to
7, characteribed Gas diffasion ebwabieacoading o hiyoone\bi ChiGoMttdisNhWadi&szeand
possi bl Ys an or gani.c 65 gol ve]nt, prefer ab_I%/ an al cohol and which al so
cont ai ns’ cat al yst TR hefatalyst suppart materigl vsed ivafeany or singpdonetaitddyrandl by
bei ng poured ther 2l . i onded to,the catalyst support
material by subsegﬁgtreltegéc}??l gfed @lL h?‘gq]ﬁ%gwa%gqf?@gg? B3P ElecHRpica) feacpigng
Gas diffusion el ecdppadaisaccamplessgdt 0 any one of Clainms 1 to 8§,
characterized in that between the baseplate and the catal yst support
material an additional electroconductive gas distribution fabric is

provi ded which, i mgRAMiELS ' carbon, tal , nickel, an

al kali-resistant all g{;fmgg%ggefg?ﬁm%?@gm %yt(ﬁ]es?flr@@rr?g bto gi ‘ﬁ\?@clf{f@ﬁ@ ed

ni ckel B an al kalin-thesttet aathlyseteppotl hayeriaand Othe Gasal gt fhatsiAoBla6LE 0de
according to any one . of Clains 1 to 9, characterized 1n that theabas pl at e

has a rai sed edge “PRYIESPRROSKIOB SrsbrIEd tagsthey by drydiatendeting. i on f abri c.

8. Gas diffusion electrode according to any one of Claims 1 to 7, characterized

in that a coating composition which contains water and possibly an organic

15 - solvent, preferably an alcohol and which also contains catalyst material is
applied to the catalyst support material by being poured thereonto or wet-

rolled and is bonded to the catalyst support material by subsequent drying,

sintering and possible compaction.

20 9. Gas diffusion electrode according to any one of Claims 1 to 8, characterized
in that between the baseplate and the catalyst support material an additional
electroconductive gas distribution fabric is provided which, in particular,
comprises carbon, metal, nickel, an alkali-resistant alloy, especially nickel

with silver, or silver-coated nickel or an alkali-resistant metal alloy.

25
10.  Gas diffusion electrode according to any one of Claims 1 to 9, characterized
in that the baseplate has a raised edge region to accommodate the gas
distribution fabric.
30 11. Gas diffusion electrode according to any one of Claims 1 to 10, characterized

in that the layer of catalyst support material and catalyst material-containing



30+11. Gas diffusion electrode according to any one of Clains 1 to 10,
characterized in that the |layer of catalyst support material and catal yst
mat eri al -containing -21 coating conposition is bonded circunferentially and
gas tightly in the edge region within thel el ectrode to the edge of the
basepl ate. 12. Gas diffusion electrode according to Caim1ll1l, characterized
inthat the gas 5 tightness in the edge region is achieved by sealing,
straight flat-rol I¢Qag'nglcompb$itiasmbmalehxchenim&d”rerﬁdﬂlfyla@ﬂ-gagldgihng.m B edrg@s
di ffusion el ectrode accar,di r]‘%ﬁéf? aﬂé one of Cains 1 to 12, characteri zed
in that the catal yS8IO8 PR fheplgcapde o the edepsefishebaseploted i s an open- pore 10
structure, especially a foam fabric, bonded fibre web or a sintered
structure and that the edge region thereof is conpressed to achieve gas
ti ghtness. 1412.GasGai diffusiooreletredt nanbediag ¢oClAing1 £, eharkeAB& & thel #HeBsl t O
13, charsalct erized .in that the gas diffusion el ectrode has an edge t hout
perforat] ons and dIENIESS 11 the, pdes ragian: isr aghicveddw seslingi steaighyftat-roljhg loy and

el ectroconducti Ve'LMtris%nﬁQl]y&hﬁﬁééﬁ;{]ﬂm]iﬁ@ reaction apparatus by nmeans of
wel di ng, sol dering, screwnhg, riveting,clanping or the use of

al kali -resistant, el ectroconductive adhesi ve. 15. Gas diffusion el ectrode
according to le ai 2&14, characterized in that the said 20 bonding of the
| edtassifd

gas diffusio ugien elgeiredecaseordingdnianpione efi€ldimn 1apay etarterized

ef fected by nmeans ;pf, i ring..the | nperforate edge being
silver-free. 16. C15ast i # ug?%ﬁ/gte?'gé %%ogg%ﬁio?db%gpllaff sed iy §A open-pore
charactldri zed in thrattutehespeaiatly a2painQfAbried b&fdek Hor3%b U YaieR ﬁllugﬁﬁ'é’ ode
to the el ectrochem ga{qreaoti on aprgarat us is effected by neans of Sscrew ng,

riveting, clanping® Hhe edgeregion theiset is semprhsesdi to ackicVegis\ightriche
i nperforate edge containing silver. 17. Gas diffusion el ectrode according
to any one of Clains 14 to 16, 30 characterized in that in the case of a

gas di ffusi od4el e&as diffushmi ¢lectiode agécrdiag to any one of Claims 1 to 13, characterized
in that the gas diffusion electrode has an edge without perforations and at the

15 said imperforate edge is joined gas tightly and electroconductively to an
electrochemical reaction apparatus by means of welding, soldering, screwing,

riveting, clamping or the use of alkali-resistant, electroconductive adhesive.

15. Gas diffusion electrode according to Claim 14, characterized in that the said
20 bonding of the gas diffusion electrode to the electrochemical reaction

apparatus is effected by means of welding or soldering, the imperforate edge

being silver-free.

16.  Gas diffusion electrode according to Claim 14, characterized in that the said
25 Joining of the gas diffusion electrode to the electrochemical reaction apparatus
is effected by means of screwing, riveting, clamping or the use of

electroconductive adhesive, the imperforate edge containing silver.

17 Gas diffusion electrode according to any one of Claims 14 to 16,
30 characterized in that in the case of a gas diffusion electrode being integrated

into the electrochemical reaction apparatus, the edge zone of the baseplate is



into the electrochem cal reaction apparatus, the edge zone of the baseplate
" is -22 sealed against the nounting face of the el ectrochenical apparatus by
means of a resilient lining. 18. Method of fabricating a gas diffusion

el ectrode according to Claiml by 5 sint%%:bonding t he catal yst support
material to a baseplate which is provided with a nultiplicity of
perforations, and apﬁbying the powdered or fibrous catalyst material,

whi ch may have bees¢alediagaigsiabe rrionntimgafasheéﬂ'neie&cﬁo&%ﬂﬂéﬁh%ar@tﬂ?B%}bﬂeﬁﬁh ofPY
dry calendering at_a pressure of at |east 3.105 pascal. 19. t hod of
fabricating a gas %V?ﬁﬁEﬁHH"%Iectrode according to Claim1l1 by applying a

| ow-viscosity to paste-like mxture of catalyst material-containing

coating conposition with water and possibly an organic solvent, for exanple

al cohol , haviHy a Methednaf fabricatingna qfas hifugen efbcapge Ja@&%iﬁg%acﬁﬁ-hi A%
content . of between 5 snd_%% to a catalyst support materral, the m Xt ur e
bei ng 15 appl i ed BYIPGPINGiRg the catalysh SeRPRrtONatgtial toregbastplateomleich by pabivideny and
sintering at a higher, T ecially of at |east 100C and of at
nost 400C, under a praoﬁggﬁll% \(/:g& glgég",“@iag‘e"&s’a?'r‘iamlw f, Poddersgnor fibsauge,

nobl e gas or a redatilysy maeihi, hicPaidy Kavkaeby rotef SUiahioYa Qﬂegp!} a &M are
krypton, butane, and possible further rolling of the sintered conposite at

a pressure of at |995§9{1oB, byglry palepdgringapa pessuseohatdeast3d0dpagak o C ai m 18 or
19, characterized in that sinter-bonding of the catalyst support nmaterial
to a baseplate is followed by the surface of the catalyst support materi al

bei ng piOovi deld. wi tNethods idf Viabridatiyigra g@s BEeistid ¥lebYodeCh@bldins® f&%& jtpon or
el ectrol ess deposition. 25 21. Method according to any one o al ms 18 to
20, charact eri zed 2PRYINSaR lowgpiseqsityitp pastedike mixeat af yaalysupgeridl-oshtagiingl to

a baseplate is pr QSQQI%dCOlinOQiU%ﬁ%ViIh water and possibly an organic solvent, for example

alcohol, having a solvent fraction of between 0 and 100% and a solids content
of bet\yeen 5 and 95%, to a catalyst support material, the mixture being
15 applied by rolling, spatulation or pouring, followed by drying and sintering at
a higher temperature, especially of at least 100°C and of at most 400°C, under
a protective gas, especially nitrogen, carbon dioxide, noble gas or a reducing
medium, particularly preferably argon, neon, krypton, butane, and possible
further rolling of the sintered composite at a pressure of at least 3-105 Pascal.
20
20.  Method according to Claim 18 or 19, characterized in that sinter-bonding of
the catalyst support material to a baseplate is followed by the surface of the
catalyst support material being provided with a silver layer, especially by
electrode deposition or electroless deposition.
25
21 Method according to any one of Claims 18 to 20, characterized in that
application of the catalyst support material to a baseplate is preceded by a gas

distribution fabric being applied and being sinter-bonded to the baseplate.

30 22. Method according to Claim 21, characterized in that sinter-bonding of catalyst

support material, gas distributor and baseplate is effected simultaneously.



distribution fabric being applied and being sinter-bonded to the basepl ate.
30 22. Method according to Caim21, characterized in that sinter-bonding
of catalyst support material, gas distributor and baseplate is effected
simul taneously. -23 23. Electrochem cal ggs diffusion cell 'which includes
a gas diffusion electrode according to any one of Clains 1 to 17.

23.  Electrochemical gas diffusion cell which includes a gas diffision electrode

according to any one of Claims 1 to 17.



